Abstract. The present study reported the case of a 60-year-old female with patent ductus arteriosus (PDA) and a bicuspid aortic valve, who presented with transient severe left ventricular (LV) dysfunction following percutaneous closure of PDA, as identified by speckle tracking analysis. Transient LV dysfunction following PDA closure has previously been reported; however, severe LV dysfunction is rare. In the present case, the combination of a large PDA size, large amount of shunting, LV remodeling and bicuspid aortic valve may have induced serious deterioration of LV function following PDA closure. Furthermore, speckle-tracking echocardiography may be useful in the estimation of functional alterations in the myocardium of the LV following PDA closure. The observations detailed in the present study may improve the understanding of the pathophysiology and myocardial patterns of transient left ventricular dysfunction following PDA closure in adult humans.
Introduction
Patent ductus arteriosus (PDA) is a congenital heart condition characterized by persistent patency between the proximal left pulmonary artery and the descending aorta, which leads to left-to-right shunting from the aorta to the pulmonary artery, and a subsequent increase of left ventricular (LV) preload (1, 2) . Prior to the commercialization of echocardiography, the incidence of PDA was demonstrated to be approximately 1 in 2,000 births, with the exception of complex defects with associated PDA (3, 4) . Recently however, the incidence of PDA may be as high as 1 in 500 births as asymptomatic PDA is frequently identified by echocardiography (2, 3) . PDA presents with a broad spectrum of clinical manifestations ranging from asymptomatic cardiac murmur to severe complications, including congestive heart failure or Eisenmenger syndrome, which are predominantly associated with the amount of left-to-right shunting and the size of PDA (3, 5) . Treatment of the majority of PDAs is accomplished by surgical or catheter closure with a complete closure rate of 90-95% (3, (6) (7) (8) (9) . PDA closure is required in patients with signs of LV volume overload, pulmonary arterial hypertension or symptoms of heart failure (3). Transient LV dysfunction following PDA closure has previously been reported, although severe complications are rare (7) (8) (9) (10) . The present study reported the case of an adult patient with PDA and bicuspid aortic valve (AV) who experienced transient severe LV dysfunction following percutaneous closure of PDA.
Case report
A 60-year-old woman underwent transthoracic echocardiography at the Kyung Hee University Hospital at Gangdong (Seoul, Korea) in October 2010 due to incidental systolic cardiac murmur. The patient was diagnosed with a PDA with LV dilatation ( Fig. 1A and B ) and mild pulmonary hypertension based on the following observations: (LV end-diastolic dimension / body surface area) : (LV end-systolic dimension / body surface area), 5.0:3.3 cm/m 2 (reference value, ≤3.1:2.1 cm/m 2 ); ejection fraction (EF), 60% (reference value, ≥55%); estimated systolic pulmonary arterial pressure (sPAP), 55 mmHg (reference value, <35 mmHg). Echocardiography also detected bicuspid AV (Fig. 1C ) without significant flow obstruction [maximal velocity on AV, 2.2 m/s (reference value <2 m/s); mean pressure gradient on AV, 10 mmHg (reference value <20 mmHg)]. A normal sinus rhythm was demonstrated via an electrocardiogram (ECG). The patient refused to undergo PDA closure and was followed-up at an outpatient clinic.
The patient was hospitalized two years later on October 2012 with diarrhea and dyspnea, and atrial fibrillation was detected following an ECG. Echocardiography demonstrated moderate pulmonary hypertension (sPAP, 77 mmHg) without LV dysfunction (EF, 62%). Following electric cardioversion, the ECG was normalized to a sinus rhythm without 3A ). Abnormal shunt flow was not detected and the occluder was well-positioned, as detected by echocardiography. Speckle-tracking echocardiography demonstrated dyskinetic movement in the septal and anterior segments with low global longitudinal peak systolic strain (GLS) at -6.4% (Fig. 3B) . The brain natriuretic peptide measured using a Triage BNP assay (Alere, Inc., San Diego, CA, USA) and a Beckman Coulter DXI 800 analyzer (Beckman Coulter, Inc., Brea, CA, USA) was found to be 821 pg/ml (reference value, <100 pg/ml) and creatine-kinase MB and cardiac troponin I measured using a Beckman Coulter DC-800 analyzer (Beckman Coulter, Inc.) were within the reference range. An ECG revealed new deep T-wave inversions in the precordial leads V2-V6 (Fig. 3C) . Subsequently, the patient received medical treatment, including angiotensin-converting enzyme inhibitor perindopril (4mg acertil ® ; Servier Inc., Neuilly-sur-Seine, France) and was then discharged one day later.
Echocardiography performed 3 weeks after PDA closure demonstrated improved LV function (EF, 60%; GLS, -15%; Fig. 4A and B) . ST-segments and T-wave abnormalities appeared to be completely resolved after 9 months, as detected by an ECG (Fig. 4C) .
The patient interrupted perindopril medication one year following the procedure as her LV function was preserved and her blood pressure was low (systolic and diastolic blood pressure, 95 and 55 mmHg). At the three-year follow up following the procedure (October 2015), echocardiography revealed that the patient's LV systolic function (EF, 66%) was normal, and LV chamber size (LV end-systolic dimension/ body surface area, 4.1: 2.7 cm/m 2 ) and pulmonary hypertension (sPAP, 38 mmHg) were decreased. At a follow up on December 2015 the patient showed normal sinus rhythm following an ECG.
Discussion
Abrupt interruption of pulmonary recirculation following PDA closure induces a decrease in LV end-diastolic volume. If decreased LV end-diastolic volume does not accompany a following PDA closure was found to be associated with large PDAs (7-9), large amount of shunting (9) , presence of high pulmonary hypertension (9) or low EF (8-10) prior to PDA closure, and an increased age of patients (8) . Furthermore, the presence of anomalies associated with PDA, such as mitral regurgitation or aortic coarctation, has been reported to be a risk factor that can provoke or deteriorate LV dysfunction following PDA closure (8) .
In the present case, the patient presented a large PDA, a high Qp/Qs ratio and increased pulmonary hypertension. The patient's prolonged LV volume overload is suggested to have caused the LV remodeling into a spherical shape. Furthermore, combined bicuspid AV anomaly may have contributed to the deterioration of LV function, as it is a potential risk factor for increased afterload.
Speckle-tracking echocardiography data gathered from the present patient following PDA closure was consistent with a previous study in infants, which observed a global reduction of peak systolic strain following PDA closure, thus mimicking systolic heart failure (11). However, the dyskinetic movement in the septal and anterior segments accompanied by abnormal LV geometry and severe LV systolic dysfunction in the present case was not concordant with the results from a previous study conducted on infants (11) .
In conclusion, the combination of large PDA size, large amount of shunting, LV remodeling and bicuspid aortic valve may have induced severe deterioration of LV function following PDA closure in the present case. Speckle-tracking echocardiography may also be a useful tool in the detection of decreased LV myocardial function and altered LV strain pattern following PDA closure.
